Objectives-To determine how three different physical performance measures (PPM) combine for added utility in predicting adverse health events in elders.
INTRODUCTION
During the last decade, physical performance measures have gained increased acceptance in the evaluation of functional status of older persons. One of the most commonly used measures of physical performance is the Short Physical Performance Battery (SPPB)1 -3. This measure evaluates lower extremity function through tests of gait speed, standing balance, and time to rise from a chair five times. The SPPB not only provides information about physical function, but also predicts major adverse health-related events in the elderly, such as disability1 -3, nursing home admission1, and mortality1. This measure also has been associated with several physiological factors, such as inflammation4 and body composition changes5, believed to be involved in the disablement process and which may underlie specific health-related events.
A study by Guralnik and colleagues3 has suggested that timed usual gait, one of the three tasks, provides a predictive value for the onset of disability similar to that obtained for the complete SPPB. However, in that study, the predictive value of usual gait speed was compared with that of the total SPPB for the onset of disability, considering each physical performance measure as a continuous variable. The use of continuous measurements may have limited applicability in clinical settings, where biological markers are typically dichotomized or treated as threshold markers for providing meaningful information.
The present study aims to evaluate the added value of the three tasks included in the SPPB (i.e. usual gait speed, chair stands, and balance tests) for predicting incident adverse healthrelated events. Analyses will be conducted using dichotomized assessments of physical performance to mirror their potential clinical application.
METHODS
This study uses data from the Health, Aging and Body Composition (Health ABC) study, a prospective cohort study designed to investigate the impact of body composition changes and weight-related health conditions on the functional status of older adults. Participants (n=3,075), aged between 70 and 79 years, were recruited between April 1997 through June 1998, from a list of Medicare beneficiaries residing in the areas surrounding Pittsburgh, PA, and Memphis, TN. Eligibility criteria included: 1) No reported difficulty walking ¼ mile, climbing 10 steps, or performing basic activities of daily living, 2) No life-threatening illness, and 3) No plans to permanently leave the area for three years. Participants were contacted by telephone every 6 months and had annual clinic visits during which health status was assessed and data on interim hospitalizations and major outpatient procedures were collected.
The present study is based on 3,024 participants, after exclusion of 51 participants who had missing baseline values on the physical performance measures. All participants provided written informed consent. The Institutional Review Boards of the clinical sites approved the study protocol.
Physical performance measures
Three physical performance measures were considered in this analysis: usual gait speed, repeated chair stands, and standing balance tests. These measures, easy and quick to administer, have shown good reliability in elders6. The SPPB, based on similar tests, has shown to be predictive of adverse health-related outcomes in older persons1.
Usual gait speed-Participants were asked to stand stationary with their feet behind a starting line marked with tape, then, following the examiner's command of "Go!", to walk at their usual pace over a 6-meter course and to stop just past the finish line. Timing was started with the first foot fall and stopped when participant's first foot completely crossed the 6-meter end line. The faster of two trials (in meters/second) was used for the present analyses.
Repeated chair stands-Participants were asked to stand up five times in a row as quickly as possible from a chair without stopping, keeping arms folded across the chest. Participants had to come to a full standing position each time they stood up, and to sit all the way down each time. Timing was started when examiner said "Go!", and stopped when the participant sat down for the fifth time. Time (in seconds) or inability to perform the test were used for the present analyses.
Standing balance-Participants were asked to stand in the following three increasingly challenging positions for 30 seconds each: 1) semi-tandem stand, in which participants stand with the side of the heel of one foot touching the big toe of the other foot; 2) tandem stand, in which participants stand with the heel of one foot in front of and touching the toes of the other foot; and 3) single-leg stand, in which participants stand on one leg. The test was stopped when the participant could not hold a stand without support after two attempts. The total amount of time each stand was held, ranging from 0 to 90 seconds, was used for the present analyses.
Outcomes
During the study follow-up, participants were contacted by telephone every 6 months and had a clinical visit every year, during which vital/health status was assessed and data about interim hospitalizations or major outpatient procedures were collected. When an overnight hospitalization or major outpatient procedure was reported, hospital records were collected and the event verified by a Health ABC Disease Adjudicator at each site.
For the present analyses, we explored the additive value of physical performance measures in predicting each of the following outcomes:
• Persistent lower extremity limitation. Defined as two consecutive semi-annual reports of having any difficulty either walking ¼ mile or climbing up 10 steps without resting;
• Persistent severe lower extremity limitation. Defined as two consecutive semiannual reports of having a lot of difficulty or not being able to walk ¼ mile or to climb up 10 steps without resting;
• Death. Date of death taken from the death certificate;
• Hospitalization. Any hospitalization in an acute care unit that occurred during the first year of follow-up.
Physical performance measure cut-points
In a previous paper7, we demonstrated that a usual gait speed (over a 6-meter course) slower than 1 m/sec identified older persons at high risk of health-related events. This gait speed cut-point was identified on the basis of the rates of incident persistent lower extremity limitation events in a random subsample of Health ABC participants. The remaining participants were then used to evaluate the predictive value of the identified cut-point for major health-related events. This cut-point was found to consistently predict health-related events across gender and race (Whites, Blacks) groups7. In the present analyses, we used the 1 m/sec cut-point to dichotomize usual gait speed into high and low risk performance. The balance and chair stand tests were dichotomized using the same percentile (21.3%) as the chosen usual gait speed cut-point. By choosing this same threshold to identify individuals at increased risk of health-related events, we determined equal distributions of the three physical performance measures of interest, consequently allowing fair comparisons.
An alternative approach using ROC curves analysis was also considered to categorize the physical performance measures (results available on request). In the ROC curve analysis, the true-positive rate (sensitivity) is plotted against the false-positive rate (1-specificity) across a range of values from a diagnostic test. Cut-points of 1.175 m/sec for usual gait speed, 77.0 sec for balance test, and 14.5 sec for chair stand test were identified by maximizing the sum of sensitivity and specificity derived on the basis of the persistent lower extremity limitation outcome.
Covariates
Covariates included sociodemographic variables (age, sex, race, study site, smoking, alcohol consumption, education), health indicators (Body Mass Index -BMI, defined as body weight divided height squared), Modified Mini-Mental State (3MS) examination score8, and physical activity -calculated using the Harvard Alumni study9 variable based on walking and exercise expenditure in kcal/week), and comorbidity (adjudicated presence of coronary heart disease, congestive heart failure, diabetes, hypertension, osteoarthritis, peripheral artery disease, cerebrovascular disease, depression, and pulmonary disease). The presence of clinical conditions at baseline was ascertained using algorithms mirroring those adopted in the Cardiovascular Health Study10 and based on self-report of physician diagnoses, current medications, and measures obtained in the clinical examination.
Statistical analyses
Unadjusted and adjusted Cox proportional hazards analyses were performed to assess hazard rate ratios (HR) and 95% confidence intervals (95%CI) for incident outcome events according to the defined risk groups for each physical performance measure (low risk groups considered as reference groups). Analyses also considering continuous variables for the physical performance measures, rescaled as previously described11, were also performed. Then, analyses were repeated to evaluate HR (and 95%CI) for incident outcome events according to the number of physical performance measures in the high risk category (participants with no physical performance measure in the high risk group served as the reference group). Analyses were adjusted for age, sex, race and those variables showing a significant (p<0.10) correlation with physical performance measures and/or outcome variables. The proportional hazard assumption was tested for all the variables of interest 1) using log minus log plots (to verify whether they were approximately parallel for all levels of each categorical explanatory variable), and 2) including interaction terms between time and the variables under consideration (to verify the statistical significance) as part of the Cox proportional models.
To evaluate the predictive value of categorized physical performance measures for healthrelated events, sensitivity, specificity, predictive values and likelihood ratios were also calculated.
For the persistent (severe) lower extremity limitation outcome, days to event were determined from the baseline assessment visit date to the date of the first of two successive reports of difficulty. For those participants who did not develop functional limitation, follow-up time was censored to the last contact or death date. For the mortality outcome, days to event were determined from the baseline assessment visit date to the date of death. For the hospitalization outcome, follow-up time was defined as the time from the baseline visit to the first hospitalization date (for those who had one) or was censored at one year of follow-up or death date if occurred within the first year (for those with no hospitalizations).
RESULTS
Mean age of the sample population (n=3,024) was 73.6 years (SD ± 2.9), 51.6% were women, and 41.2% were Black. Median follow-up duration was 6.9 years. Main sociodemographic characteristics of the sample population are described in Table 1 .
Spearman's analyses were performed to evaluate the correlations among the continuous variables of the physical performance measures. Usual gait speed and chair stand tests showed the strongest correlation (r=−0.413; p<0.001). Significant, but weaker correlations were reported between the balance and usual gait speed tests (r=0.310; p<0.001), and between the balance and chair stand tests (r=−0.271; p<0.001).
In the sample population the 1 m/sec cut-point for usual gait speed corresponded to the 21.3 percentile. The same percentile was used to identify the cut-points to categorize chair stand (high risk group: ≥17.1 sec) and standing balance test (high risk group: ≤53.0 sec). Crosstabulations and unadjusted odds ratios of dichotomous physical performance measures are reported in Table 2 .
The predictive values for adverse health-related events using the identified cut-points for each physical performance measure were evaluated (Table 3 ). Unadjusted and adjusted Cox proportional hazard analyses showed that participants in the high risk group for usual gait speed, repeated chair stands, or standing balance were more likely to experience persistent (severe) lower extremity limitation, death and hospitalization events. The risk estimates for developing adverse health-related events were rather similar across the three physical performance measures evaluated (e.g. persistent lower extremity limitation -high risk group for usual gait speed HR 1.53, 95%CI The added value of each additional physical performance measure to the prediction of adverse health-related events was also investigated using Cox proportional hazard models ( Figure 1 ). For each outcome there was a monotonic increase in the event rate with an increasing number of functional criteria. Any single criterion was associated with a significantly higher risk of all outcomes except for hospitalization. In this case, two or more criteria predicted a new hospitalization in the following year.
In Table 4 (and Supplemental Table) , we also presented sensitivity, specificity, predictive values and likelihood ratios for different combinations of physical performance measures at high risk for health-related events. Each single measure of physical performance was characterized by a high specificity (higher than 80%) and low sensitivity (lower than 30%).
When analyses were repeated considering physical performance measures categorized according to cut-points derived from ROC curves analysis, similar findings were obtained (data available on request). However, in this alternative approach, the predictive value of the chair stand test was consistently lower than the other physical performance measures.
DISCUSSION
To our knowledge, this is the first study to systematically evaluate the added value of using up to three dichotomized physical performance measures in the prediction of several adverse health-related events. The present analyses were specifically aimed at evaluating whether differences in the predictive value for events were present among the three components of the SPPB (i.e. timed usual gait speed, repeated chair stands and standing balance). Our findings demonstrate that poor performance on any one of these three commonly administered performance tests present similar predictive values for major events, although slow usual gait speed and balance test showed the most consistent results. When the three physical performance measures were considered together, a direct association between the number of impaired tests and risk of events was reported. However, having only a single physical performance measure at high risk was significantly and strongly associated with risk of persistent (severe) lower extremity limitation and mortality outcomes. When all three measures were considered together, a significant prediction of hospitalization events could only be reached when all tests showed poor results. No combination of physical performance tests was clearly superior in the prediction of events, and different results were reported for different outcomes. Interestingly, each single physical performance test was characterized by a high specificity for all the study outcomes. This finding clearly confirm the importance of all these measures in the screening process of older persons by 1) correctly identifying negative cases, and 2) consequently avoiding further (and sometime burdensome) investigations in low risk individuals.
It has been suggested that timed gait alone predicts disability nearly as well as the full SPPB3 when the physical performance measures are considered as continuous variables, a rare practice in a clinical setting. Whether this observation would hold when performances on tests were examined as dichotomous variables as it is frequently done in clinical settings with most biological markers, was unknown. The present analyses evaluated the added value of physical performance measures for the prediction of health-related events after categorization into high and low risk groups. Our findings showed that timed usual gait speed, standing balance and repeated chair stand tests have similar utility in identifying subjects who will develop events.
However, the combination of the three measures leads to only a marginal gain in the prediction of physical disability and mortality outcomes. These results confirm that the timed usual gait speed (but also the balance and chair stand tests) is almost as good as the complete SPPB in identifying older persons at risk of physical disability events3. Therefore, even though gait speed is considered the most important predictor of several adverse health events, these findings demonstrate that poor performance on other tests of lower extremity function are equally prognostic. Therefore, chair stand and standing balance performance may be adequate substitutes when gait speed is unavailable. This is particularly valuable and applicable to studies that do not or can not include gait testing due to lack of space.
Our findings from Cox proportional hazard models show that single measures of physical performance are less predictive of hospitalization events compared to physical disability and mortality outcomes, though the simultaneous evaluation of all three physical performance tests does provide significant risk prediction. This finding may be explained in two different ways. First, physical performance measures were originally developed with physical disability as the "gold standard" outcome. Therefore, the stronger association with incident physical disability (and mortality as correlate of overall health status) compared to hospitalization is not unexpected. Second, even if our hospitalization outcome was defined on the basis of overnight hospital stays, it is likely to be an heterogenous outcome, composed of severe as well as mild clinical cases, and clinical events that might not be function related (e.g. plastic surgery).
Despite strong evidence that physical performance measures play an important role in the evaluation of older persons, their clinical use is still very limited12 ; 13. Several problems may inhibit wider usage. Some physical performance measures are time consuming and need special equipment and/or training. This study explored three physical performance tests that are quick and easy to perform and do not require special equipment or training. A second major issue limiting clinical use of physical performance measures concerns the hard to remember and often population-based cut-points currently available in literature2 ; 14 -19. Previously7, we identified a cut-point for the 6-meter walking speed (1 m/sec) for a study sample aged 70-79 years based on subsequent risk of functional limitation. The delineation of an easy to remember cut-point for gait speed will hopefully encourage systematic assessment of gait speed in older persons. In the present study, we dichotomized performance on the balance and chair stand tests on the basis of the population-percentile corresponding to the newly established usual gait speed cut-point, to allow a fair comparison across the different tests.
Using this approach7, we found that inability to complete the chair stand test within 17 seconds identified participants at high risk of functional limitation. This cut-point is very similar to those suggested by previous papers in which 16 .320, 16.521, or 16.72 ; 3 ; 6 seconds cut-points were used to identify participants scoring one point (on a scale ranging from 0 to 4, whereas higher result is indicative of better performance) in the SPPB score.
The standing balance test in the SPPB consists of three 10-second long tasks: the side-byside, the semi-tandem, and the full tandem position2. The 30 seconds that participants were asked to hold each progressively more difficult stand and the final one-leg stand evaluation make the version used here more challenging for older persons. The original balance test is a relatively easy task of physical performance and it is often successfully completed by a high percentage of older persons22. The cut-point we identified approximately corresponds to the inability to hold a one-leg stand. Thus, it might be easy to remember and may facilitate the implementation of this measure. This means that, instead of the three tasks evaluating the standing balance, it may be sufficient only to ask the subject attempt only the one-leg stand to identify persons at high risk of adverse health-related events.
All cut-points identified have been shown to predict several adverse health-related events, such as (severe) mobility limitation, hospitalization, and death. These findings confirm results from previous studies1 ; 15 ; 23 and strengthen the recommendation to consider these measures as indicators of age-related body changes and/or markers of (sub)clinical disease.
In our analyses we found significant race interactions in the relationships between number of high risk physical performance tests and onset of persistent (severe) lower extremity limitation. Interestingly, these race differences were observed for the mobility limitation outcomes, only. These findings, consistent with a previous study7, may suggest that the relationship between the SPPB and onset of mobility limitation is more affected by the presence of potential confounders compared to the mortality and hospitalization outcomes. The use of additional measures may be particularly desirable in Black older adults to obtain a better evaluation of risk of mobility disability events.
The Health ABC population consists of well-functioning non-disabled persons, aged 70 to 79 years. Thus, the cut-points identified for usual gait speed, chair stands, and standing balance tests likely represent normative values. These values may also serve as targets for interventions aimed toward improving physical performance and provide useful parameters to evaluate intervention efficacy in reducing risk of health-related events. Most studies evaluating change over time in functional performance have only described improvements in physical performance16 ; 24 -26, and not whether meaningful thresholds have been obtained. It is also noteworthy that our results may be useful for evaluating older persons in which a disabling process is not yet clinically evident, providing basis for the development of a "real" preventive program.
Some limitations of the present study should be mentioned. Although a loss of information may occur when continuous variables are dichotomized, the provision of cut-points is essential for promoting the use of physical performance measures for the screening and evaluation of older persons. The three components of the SPPB administered to the Health ABC study participants were slightly modified from the original version1 to provide more challenging tests to a well-functioning and selected older population. It might be argued that these modifications may limit the applicability of the present results to the original version of the SPPB. However, given the similar nature of the Health ABC subtasks compared to the original ones, we believe that this potential issue may not significantly limit the export of our results. Further studies should expand our findings to different age groups and evaluate whether interventions aimed at improving physical performance measures24 -26 are able to prevent adverse health-related outcomes. Our choice to define the cut-points for the considered physical performance measures on the basis of a previously validated cut-point7 and the population distribution might be arguable. However, alternative analyses (available on request) using cut-points based on specificity and sensitivity of the physical performance measures for predicting persistent lower extremity limitation were performed and led to similar results.
In conclusion, our findings demonstrate that dichotomized physical performance measures (i.e. usual gait speed, chair stand, and balance tests), which may facilitate use of these measures in clinical practice, provide similar predictive values for adverse health-related events when considered separately. Participants with poor results for all three measures had a higher risk of incident functional limitation, hospitalization and death compared to those with normal values on all of them. Estimating risk for incident physical disability and mortality may not require administration of all three physical performance tests, since a single measure provides significant prediction. However, the predictive value does increase with an increasing number of tests. The value of this increasing predictive ability may be offset by increasing the complexity of administering and interpreting multiple tests in a clinical setting.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. Adjusted* hazard ratios (and 95%CI) for persistent (severe) functional limitation, hospitalization and mortality according to the physical performance measures (PPM; usual gait speed [UGS], balance test [BT] and chair stands [CS] test) in the high risk group. * Adjusted for age, gender, race, site, smoking, alcohol consumption, education, body mass index, Modified Mini Mental State Examination score, physical activity, coronary heart disease, congestive heart failure, diabetes, hypertension, osteoarthritis, peripheral artery disease, cerebrovascular disease, depression, pulmonary disease Table 1 Main baseline characteristics of the study participants. Hazard ratios (and 95%CI) and event rate for persistent (severe) functional limitation, mortality and hospitalization according to the physical performance tests results. 
